
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public rPDorting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data ne^äed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204. Arlington. VA 22202- 
4302   Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number   PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 
30-03-2011 

2. REPORT TYPE 
Final Technical Report 

3. DATES COVERED (From - To) 
10/1/2007 - 9/30/201 

- Experimental and Theoretical Study of the Combined Influence 
of Mechanical and Chemical Stress on Pit Initiation 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 
FA9550-07-1-0482 
5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
Daniel A. Buttry 

5d. PROJECT NUMBER 

5e. TASK NUMBER -   

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Univ. of Wyoming 
Dept. of Chemistry (3838) 
1000 E. University Ave. 
Laramie, WY 82071-3838 

8. PERFORMING ORGANIZATION REPORT 
NUMBER 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
AFOSR/NL Joycelyn S. Harrison, Ph.D. 
875 North Randolph St. Surface and Interfacial Science 
Suite 325, Room 3112 
Arlington, VA 22203 

10. SPONSOR/MONITOR'S ACRONYM(S) 
AFOSR/NL 

11. SPONSOR/MONITOR'S RPDODT 

* AFRL-OSR-VA-TR-2013-0961 

12. DISTRIBUTION / AVAILABILITY STATEMENT 
Unlimited distribution 

13. SUPPLEMENTARY NOTES 

m-bo^ii^i 

14. ABSTRACT 
We have completed our work on modeling pit initiation and repassivation following mechanical 
pit initiation in a chemically aggressive solution.  We created a new model combining all of 
the chemical processes that influence pit evolution including dioxygen reduction, field- 
assisted aluminum oxide film growth and chemical dissolution of the oxide film.  All of these 
elements have never before been included in such a model.  The model successfully fits pit 
repassivation under a range of conditions.  A manuscript is submitted on this effort.  We 
also used molecular dynamics simulations to explore the influence of strain on the 
coalescence of pits.  We believe this mechanism may be the origin of the transition from 
metastable pits to stress corrosion cracking.  The simulation has successfully shown pit 
coalescence as a function of strain under tension. A manuscript on this has been submitted. 

15. SUBJECT TERMS 
corrosion, electrochemistry, aluminum alloy 

16. SECURITY CLASSIFICATION OF: 
Unclassified 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

17. LIMITATION 
OF ABSTRACT 

none 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
Daniel  A.   Buttry 
19b. TELEPHONE NUMBER (include area 
code) 
4809652476 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 



AFOSR Final Technical Report 
• 

Objectives 
We conducted a study of the combined influence of mechanical and chemical stress on pit initiation for 

Al and high strength Al alloys of relevance to the USAF air fleet. The study wais motivated by two facts: 1) 
pitting corrosion is the most frequent cause of failure of high-strength Al alloys such as AA2024, a high 
strength, Cu-rich alloy used in the construction of older military and commercial aircraft, and 2) while some 
studies of pit initiation exist, no previous studies of pit initiation have considered well-defined samples under 
the "real world" conditions of combined mechanical and chemical stress. Mechanical stress is especially 
important in DoD aircraft applications; consider the flexing of a wing structure during take-off. 

The impact of the work was significant in providing an understanding of how the combination of 
mechanical stress and chemical insult affect pit initiation in Al and its alloys under conditions of use. The long 
term goal was to provide information that will a) enhance DoD's ability to rationally schedule maintenance on 
its air fleet, b) provide a basis for design of environmentally compliant corrosion protection coatings, and c) 
move the science of corrosion forward into a new area. 

The research also impacted the Nation's supply of qualified scientists and engineers by exposing at least 
three young people to a highly interdisciplinary research program geared toward solving a technologically 
important problem. 

Status of effort 
The research involved carefully intertwined experimental and theoretical components. The experimental 

component involved the preparation of Al and Al alloy samples with both native and synthetic defects. We 
exposed these samples to combined mechanical and chemical stress and monitor the formation of metastable 
pits, their evolution, and, especially, whether or not they transition to stable pits. Mechanical and 
(electro)chemical stress were applied using a unique in situ fluidic cell that allowed simultaneous application of 
mechanical stress, exposure to various solutions and imposition of an applied potential. Metastable pits were 
monitored using both in situ electrochemical and fluorescence measurements. Theory and simulations were 
used to predict and understand the mechanical behavior at the surface of the samples, with an emphasis on how 
stress induces breakdown in the protective surface oxide, thereby driving metastable pit formation. 

Accomplishments/New Findings 
We observed electrochemical transients that are signatures of metastable pit formation. We also developed a 
comprehensive mathematical model that encompasses major features of metastable pit repassivation, 
specifically including oxide film growth and dissolution. We also developed a molecular dynamics simulation 
for pit evolution to produce stress corrosion cracking. These simulations revealed the mechanism by which pit 
coalescence leads to stress corrosion cracks. 
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Interactions/Transitions 
1. Consultative and advisory functions to other laboratories and agencies, especially Air Force and other DoD 

laboratories. We worked with a small company in Charlottesville, Virginia called Luna Innovations, Inc. 
They had Phase 1 and Phase 2 SBIR funding for new corrosion protection pre-treatments based on chemical 
etching to remove IP's from AA2024 surfaces. This is a subject of a past AFOSR grant to our group. That 
technology was tested at the Coatings lab at Wright Patterson. 

2. Transitions. Pending 

New discoveries, inventions, or patent disclosures. None 
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b) Previous honors: Japan Society for the Promotion of Science Senior Research Fellowship, Visiting 

Professor at Caltech and University of Colorado, Editorial Advisory board for Langmuir, member of 
Board of Directors for Society of Electroanalytical Chemistry, Member at Large for Physical 
Electrochemistry Division of the Electrochemical Society. 


